Background-Multidimensional impairment of older patients may influence the clinical outcome of diseases. The aim of this study was to evaluate whether a Multidimensional Prognostic Index (MPI) based on a comprehensive geriatric assessment predicts short-term mortality in older patients with heart failure. Methods and Results-In this prospective study with a 1-month follow-up, 376 patients aged 65 and older with a diagnosis of heart failure were enrolled. A standardized comprehensive geriatric assessment that included information on functional (activities of daily living and instrumental activities of daily living), cognitive (Short Portable Mental Status Questionnaire), and nutritional status (Mini Nutritional Assessment), as well as on risk of pressure sore (Exton-Smith Scale), comorbidities (Cumulative Illness Rating Scale Index), medications, and social support network, was used to calculate the MPI for mortality using a previously validated algorithm. The New York Heart Association, the Enhanced Feedback for Effective Cardiac Treatment, and the Acute Decompensated Heart Failure National Registry regression model scores were also calculated. Higher MPI values were significantly associated with higher 30-day mortality, both in men (MPI-1, 2.8%; MPI-2, 15.3%; MPI-3, 47.4%; Pϭ0.000) and women (MPI-1, 0%; MPI-2, 6.5%; MPI-3, 14.6%; Pϭ0.011). 
environmental factors 8 and is conditioned only in part by the cardiovascular signs and symptoms that are traditionally included in prognostic indexes. 9 Predictive models of shortterm 10, 11 and long-term 12, 13 mortality in patients with HF have been recently described. The Enhanced Feedback for Effective Cardiac Treatment (EFFECT) 10 score is a clinical prognostic model based on physiological parameters, comorbidities, and laboratory tests, which was derived and validated in 2 cohorts of patients with a mean age of Ͼ75 years. The Acute Decompensated Heart Failure National Registry (ADHERE) regression model 11 combines information on blood urea nitrogen (BUN) levels, systolic blood pressure (SBP), heart rate, and age to predict in-hospital mortality in patients with HF. The ADHERE regression model was validated in 2 large cohorts of acutely decompensated patients with HF and mean age of 72.5 years.
More recently, another 4-item risk score based on laboratory tests, SBP, and peripheral arterial disease could identify older patients with HF at high risk for mortality at 6 months. 12 Finally, in the Seattle Heart Failure Model, 13 a 1-, 2-, and 3-year survival could be predicted using clinical, pharmacological, device, and laboratory characteristics in patients with HF.
Although these prognostic scores use information that is directly connected with the pathophysiology of HF, it is increasingly evident that the prognosis of older patients with chronic medical conditions is strongly affected by comorbidity, functional status, body composition, treatment, and other factors that are not directly related to the index disease. 8 Unfortunately, a prognostic model that consider this comprehensive approach for the mortality risk assessment of older patients discharged from the hospital with a diagnosis of HF has never been developed.
Recently, we developed and validated in 2 different cohorts of elderly patients, a Multidimensional Prognostic Index (MPI) for 1-year mortality derived from a standardized comprehensive geriatric assessment (CGA) performed in older patients hospitalized for acute diseases or relapse of a chronic disease. 14 The aim of this study was to evaluate the prognostic accuracy of MPI on posthospital 30-day mortality in older patients hospitalized for HF.
Methods

Subjects
All patients aged 65 years and older admitted with a diagnosis of HF from January 2005 to December 2007 to the Geriatrics Unit of the Casa Sollievo della Sofferenza Hospital, IRCCS, San Giovanni Rotondo, Italy, were screened for inclusion in the study.
Inclusion criteria were (1) ageՆ65 years; (2) diagnosis of HF; (3) ability to provide an informed consent or availability of a proxy for informed consent and willingness to participate in the study; and (4) complete CGA during hospitalization.
A structured interview, a clinical evaluation, and an extensive review of records from the patients' general practitioners were performed at baseline. At baseline, serum samples were taken for the analysis of creatinine, BUN, hemoglobin, and serum sodium. An estimated glomerular filtration rate was calculated with the use of modified Modification of Diet in Renal Disease 15 4-component equation incorporating age, gender, race, and serum creatinine level; GFR is expressed as milliliter per minute per 1.73 cm 2 , and estimated glomerular filtration rate Ͻ60 mL/min/1.73 cm 2 was used to defined the presence of decreased renal function. Anemia was defined as hemoglobin level Ͻ12 g/dL and hyponatremia as sodium level Ͻ136 meq/mL.
In addition, all patients admitted to our unit received a standard CGA for clinical purposes. Vital status was assessed by directly contacting the participants or consulting the Registry Offices of the cities where the patients were residents at the time of hospital admission. Dates of death were identified from death certificates.
Diagnosis of HF
HF was diagnosed according to the diagnostic criteria of the European Society of Cardiology 16 and the American Heart Association, 17 ie, rapid onset of symptoms and signs secondary to abnormal cardiac function, with or without previous cardiac disease. Cardiac dysfunction could be related to systolic or diastolic dysfunction, to abnormalities in cardiac rhythm, or to preload and afterload mismatch. Acute HF was defined as a new onset of decompensated HF or decompensation of chronic, established HF, with symptoms sufficient to warrant hospitalization. Clinical information pertinent to potential causes of HF was collected during hospitalization in all patients. Functional class of HF was rated according to the New York Heart Association (NYHA) classification, and ejection fraction (EF) was determinate by echocardiography. As recommended, an EF Ն50% was used to define HF with preserved EF. 18 Two previously validated specific risk scores for short-term mortality in patients with HF, the EFFECT 10 and ADHERE, 11 were also computed. The EFFECT model 10 is based on 11 variables including age, sex, physiological parameters (blood pressure and respiratory rate), the presence of 5 comorbid conditions (cerebrovascular disease, chronic obstructive pulmonary disease, dementia, hepatic cirrhosis, and cancer), and laboratory tests (BUN levels and serum sodium concentration). The linear regression ADHERE model 11 is based on 4 variables: SBP, heart rate, BUN levels, and age in the following formula: log odds of mortalityϭ0.0212ϫBUNϪ0.0192ϫSBPϩ0.0131ϫheart rateϩ0.0288ϫ ageϪ4.72. Both the EFFECT and ADHERE risk scores were considered as continuous variables.
The CGA
CGA is a widely used instrument in geriatric practice. Functional status was evaluated by activities of daily living (ADL) index, 19 which defines the level of dependence or independence in a 6 daily personal care activities including bathing, toileting, feeding, dressing, urine and bowel continence, and transferring (in and out of bed or chair), and by instrumental ADL scale, 20 which assesses independence in 8 activities that are more cognitively and physically demanding than ADL, including managing finances, taking medications, using telephone, shopping, using transportation, preparing meals, doing housework, and washing.
Cognitive status was assessed by the Short Portable Mental Status Questionnaire, a 10-item questionnaire that assesses orientation, memory, attention, calculation, and language. 21 Comorbidity was examined using the Cumulative Illness Rating Scale. 22 The Cumulative Illness Rating Scale uses a 5-point ordinal scale (scores 1 to 5) to estimate the severity of pathology in each of 13 systems, including cardiac, vascular, respiratory, eye-ear-nosethroat, upper and lower gastrointestinal, hepatic, renal, genitourinary, musculoskeletal, skin disorder, nervous system, endocrine-metabolic, and psychiatric behavioral disorders. Based on the ratings, the Comorbidity Index (Cumulative Illness Rating Scale-CI) score, which reflects the number of concomitant diseases, were derived from the total number of categories in which moderate or severe levels (grade 3 to 5) of disease were identified (range, 0 to 13).
Nutritional status was explored with the Mini Nutritional Assessment, 23 which includes information on (1) anthropometric measures (body mass index in body weight/height 2 , midarm circumference in centimeter, calf circumference in centimeter, and weight loss); (2) lifestyle, medication, and mobility; (3) number of meals, food and fluid intake, and autonomy of feeding; and (4) self-perception of health and nutrition.
The Exton-Smith Scale was used to evaluate the risk of developing pressure sores. This 5-item questionnaire determines physical and mental conditions, activity, mobility, and incontinence. For each item, a score from 1 to 4 is assigned. 24 Medication use was defined according to the Anatomic Therapeutics Chemical Classification code system, and the number of drugs used by patients at admission was recorded. Patients were defined as drug users if they took a medication included in the Anatomic Therapeutics Chemical Classification code system at the moment of admission.
Social aspects included household composition, home service, and institutionalization. The approximate time required for collecting data using CGA was 20 minutes (range, 15 to 25 minutes per person).
The MPI
We used the MPI, an algorithm developed and previously validated in 2 independent cohorts of elderly hospitalized patients and elsewhere reported. 14 This MPI was developed by the inclusion of information from the above reported 8 domains of the CGA, ie, ADL, instrumental ADL, Short Portable Mental Status Questionnaire, Cumulative Illness Rating Scale-CI, Mini Nutritional Assessment, Exton-Smith Scale, medication use, and social aspects. For each domain, a tripartite hierarchy was used, ie, 0ϭno problems, 0.5ϭminor problems, and 1ϭmajor problems, based on conventional cutoff points derived from the literature for the Short Portable Mental Status Questionnaire, 21 Mini Nutritional Assessment, 23 Exton-Smith Scale, 24 and ADL or instrumental ADL 25 or observing the frequency of distribution of patients in the previous validation study 14 for comorbities and number of medication ( Table 1 ). The sum of the calculated scores from the 8 domains was divided by 8 to obtain a final MPI risk score between 0ϭno risk and 1ϭhigher risk of mortality. Also, the MPI was expressed as 3 grades of risk: MPI-1ϭlow risk (MPI value Յ0.33), MPI-2ϭmoderate risk (MPI value between 0.34 and 0.66), and MPI-3ϭsevere risk (MPI value Ͼ0.66). 14 
Statistical Analysis
All analyses were performed using SPSS version 13 for Windows (SPSS Inc, Chicago, Ill). Continuous variables were presented as means and standard deviations and categorical variables as frequencies and percentages. Comparisons between men and women were made using the 2 test for categorical variables (ie, gender, anemia, diabetes mellitus, hypertension, atrial fibrillation, coronary heart disease, medication, and mortality) and the t test for continuous variables (ie, age, educational level, SBP, and EF).
The discrimination of the model for 1-month mortality was assessed by calculating area under the receiver operating characteristic (ROC) curves for the MPI, EFFECT, and ADHERE risk scores considered as continuous variables. Note that for NYHA, the score was based on the standard 4 classes and was considered as an approximately continuous risk score.
To compare the areas under the ROC curves of the MPI with the NYHA, EFFECT, and ADHERE models, we used the DeLong's approach that accounts for correlation. 26 For sake of completeness, we also run a bootstrapped version of the same approach that yielded overlapping results (data not shown). The Spearman pairwise correlations were made to test the correlations between MPI and each of the other risk scores. A P value Ͻ0.05 was considered for statistical significance. The authors had full access to the data and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
Overall Study Population
During the enrolment period, 416 patients were consecutively admitted to the geriatric unit with a diagnosis of HF. Five patients were excluded because they were younger than 65 years, 10 patients were excluded because the CGA was not completed, and 25 patients were excluded because they did not consent to participate in the study. Thus, the final study population included 376 patients, 163 men (43.4% of the total population) and 213 women (56.6%). The mean age was 80.5Ϯ7.3 years with a range from 65 to 100 years.
As shown in Table 2 , women had significantly more ADL (Pϭ0.000) and instrumental ADL disabilities (Pϭ0.020), lower Mini Nutritional Assessment scores (Pϭ0.000), lower educational level (Pϭ0.000), lower Exton-Smith scores (Pϭ0.001), and higher Short Portable Mental Status Questionnaire score (Pϭ0.001) than men. The prevalence of coronary artery disease was significantly higher in men than women (Pϭ0.000), whereas no differences between men and women were observed in the prevalence of nonischemic cardiomyopathy, atrial fibrillation, hypertension or diabetes mellitus, mean EF values, percentage of HF with preserved EF, as well as in hyponatremia, anemia, mean SBP, the percentage of decreased renal function, and in the use of ␤-blockers, angiotensin converting enzyme inhibitors, diuretics, and low-dose aspirin.
After 30 days of follow-up, the overall mortality rate was 9.6% with significant differences between men and women (13.5% versus 6.6%, Pϭ0.038). Tables 3 and 4 report the characteristics of patients divided according to their MPI grade; 130 patients (34.6%) were included in MPI-1 group, 179 patients (47.6%) in MPI-2 group, and 67 patients (17.8%) in MPI-3 group. Both men and women patients with higher MPI values were more likely to be older (Pϭ0.000) and less likely to have preserved EF (Pϭ0.001). Moreover, women with increasing MPI values had a significant higher prevalence of decreased renal function (Pϭ0.009) No differences between the 3 MPI groups were observed in the prevalence of cardiac pathologies, anemia, hyponatremia, hypertension, or diabetes mellitus, the EF mean values, and percentages of drug use. With the increasing of MPI grade, 30-day mortality rates were progressively higher both in men (MPI-1ϭ2.8%, MPI-2ϭ15.3%; MPI-3ϭ47.4%; Pϭ0.000) and in women (MPI-1ϭ0%, MPI-2ϭ6.5%; MPI-3ϭ14.6%; Pϭ0.011). The discrimination of the MPI was also good, with an ROC area for mortality of 0.83 (95% CI, 0.76 to 0.90) in men and of 0.80 (95% CI, 0.71 to 0.89) in women (Figure) . risk scores, but the differences were not significant. For sake of completeness, we also run a bootstrapped version of the same approach that yielded overlapping results (data not shown). Pairwise Spearman correlation coefficients between MPI and the other risk scores were in men: MPI versus NYHAϭ0. 23 
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Comparison Between the MPI and the NYHA, EFFECT, and ADHERE Models
Discussion
In this study, we demonstrated that MPI derived from a CGA can be used to stratify hospitalized older patients with HF into categories that experienced very different short-term mortality. The MPI was derived from standard measures of CGA that are routinely collected in geriatric patients affected by acute and chronic morbidities. Our findings demonstrate that CGA is a powerful tool to estimate 30-day mortality in older patients discharged after an episode of hospitalization for HF. Moreover, the prognostic value of mortality risk, as estimated by the multidimensional integrated information, seems to be more accurate than the prognostic value based only on information derived from disease-specific parameters. Indeed, no differences in the prevalences of cardiac pathologies, hypertension, or cardiological drug use were observed in patients with different MPI values, and no significant differences were also found in the EF mean values, whereas a significant reduction in the percentage of patients with preserved EF was observed both in men and in women with higher MPI values (Pϭ0.001). In this study, Ϸ30% of total population with HF had preserved EF. This finding was consistent with those of a previous study. 27 Interestingly, no other specific concomitant diseases, such as anemia, diabetes mellitus, and hyponatremia were associated with higher MPI values, whereas with the increasing of the MPI values, a significant decreased renal function was observed in women.
As shown by the areas under the ROC curves, in this population, the predictive value of the MPI was higher than the predictive value of the NYHA, EFFECT, and ADHERE models both in men and in women. However, the differences were significant in men and not significant in women. A lower 1-month mortality observed in women compared with men may explain this apparent discrepancy in results. Interestingly, in this population, the ADHERE model demonstrated an area under the ROC curve quite similar to the value observed in the original validation study (0.69), 11 whereas the EFFECT model demonstrated an area slightly lower than the original study (0.80). 10 Of note, in this study, the overall 30-day mortality was 9.6%, quite similar to the rates of 6% to 13% reported in other studies. 28 -30 As expected, mortality rates were higher in men than women (13.5% versus 6.6%, Pϭ0.035), whereas the MPI mean values were significantly lower in men than women (0.39Ϯ0.16 versus 0.48Ϯ0.19, Pϭ0.0000). These findings are in agreement with recent studies in older people, 8, 14, 31 reporting that the sex difference in life expectancy was not entirely due to sex difference in impairment, because men with the same chronological age and biological impairments (ie, frailty index) had a higher risk of death compared with women.
Predicting the outcome in elderly patients with HF is very important in clinical practice for decision-making process. Previous epidemiological studies suggested that a wide variety of factors was associated with an increased risk of death, including demographic factors (age and male sex), 32 clinical characteristics such us cardiopulmonary functions or NYHA class, 33 renal function, 34 and other comorbidities (ie, depression, anemia, and diabetes mellitus). [35] [36] [37] Two previous studies have explored the role of the functional assessment in older patients with HF. The first study 9 carried out in 120 patients with chronic HF reported that frailty, assessed by the Frailty Staging System, 38 was an independent variable for predicting long-term mortality in elderly subject with chronic HF. The second study demonstrated that the functional status, evaluated by means of the ADL Barthel Index in 88 elderly patients hospitalized for HF, was an independent predictor of mortality. 29 To the best of our knowledge, this is the first description of a short-term prognostic index based on data available from a standard CGA for older patients hospitalized with HF in an acute care setting. These data are in agreement with studies carried out in older patients hospitalized for an acute disorder or relapse of a chronic disease independently from the diagnosis 14 as well as in elderly patients hospitalized for an acute upper gastrointestinal bleeding, 39 pneumonia, 40 and dementia. 41 Overall, these findings support the concept that considering multidimensional aggregate information is very important for predicting short-term mortality in older patients with acute diseases or relapse of chronic diseases, including HF.
In clinical practice, this MPI may be useful in identifying both high-and low-risk patients, so that specific interventions can be eventually targeted to each group. This could be important particularly for identifying those elderly low-risk patients who can benefit from screening and/or prevention programs and who are actually excluded because of merely the old age. Conversely, the MPI is useful in identifying those high-risk patients for whom advanced care assistance programs could be appropriate and cost effective.
This study has some limitations. Because the study population comprised hospitalized older patients, it is possible that our findings may not be applicable to other settings. Second, the patients were recruited within a single hospital. Larger prospective multicenter studies are therefore needed to confirm our findings and to explore the variability of performance across different institutions. Finally, the CGA needs to be administered by expert geriatricians and requires time.
In conclusion, we described a MPI, based on data derived from CGA, in hospitalized older patients with HF. This index is a sensitive measure of the multidimensional impairment and might be useful in identifying elderly patients with HF who are at different risk of mortality. Further studies are needed to evaluate the potential usefulness of this prognostic tool in clinical practice. 
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